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Abstract 



In a model with a gauge group SU{3)h ® Gsm, where SU{3)h is 
^^ [ a horizontal symmetry and Gsm ~ SU(3)c' <8> SU(2)l ® '^(l)i' is the 

standard model, we propose a radiative mechanism of mass generation 
mediated by the SU{3)h gauge bosons for the light fermions, meanwhile 
the masses of the heaviest family are generated by the implementation of 
see-saw mechanisms with the introduction of vectorial fermions. 
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1 Introduction 

X 

5h ' The known quark and lepton masses are generated after the spontaneous break- 

ing of the electroweak symmetry to U{1)q of Quantum Electrodynamics. How- 
ever, the responsible mechanism of this symmetry breaking as well as the gen- 
eration mechanism of the fermion masses, including their origin and hierarchy, 
remain unknown and they are two of the current puzzles of the elementary par- 
ticle physics. In the literature there arc many proposals trying to explain the 
mass hierarchy, the fermion mixing and their possible relation to new physics 

[1]- 

A possible answer to why the masses of the light fermions are so small 

compared with electroweak scale is that they arise through radiative corrections 
[ 2 ] , while the mass of the top quark and probably those of the bottom quark 
and of the tau lepton are generated at tree level. This may be understood 
as a consequence of the breaking of a symmetry among families ( a horizontal 
symmetry ). This symmetry may be discrete [3 ], or continuous, [ 4 ]. The 
radiative generation of the light fermions may be mediated by scalar particles 



as it is proposed, for instance, in references [ 2 ] and [ 5 ] or also through vectorial 
bosons as it happens in "Dynamical Symmetry Breaking" (DSB) theories like 
" Extended Technicolor ", [ 6 ]. 

In this work we propose a mechanism in which the light fermions get mass 
through loop diagrams mediated by the massive vectorial bosons of a horizontal 
symmetry that is spontaneously broken, whereas the masses of the top and 
bottom quarks as well as the tau lepton are generated by the implementation of 
see - saw mechanisms with the introduction of new fermions of vectorial type. 

2 The model 

We define the gauge group symmetry G = SU{3)h<»SU{3)c<»SU{2)l<»U{1)y , 
where SU{3)h is a horizontal symmetry among families and Gsm = SU{3)c (X) 
SU{2)l (Xi U{1)y is the gauge group of the "Standard Model" of elementary 
particles. The content of fermions assume the ordinary quarks and leptons 
including the sector of right-handed neutrinos, assigned under the G group in 
the form: 

*, = (3,3,2, i)i (1) 

*„ = (3,3,l,^)fl (2) 

*d-(3,3,l,-^)i, (3) 

vl/, = (3,l,2,-l)i (4) 

*, = (3,1,1, 0)fl (5) 

*e = (3,l,l,-2)K (6) 

where the last entry correspond to the hypercharge (F) and the electric charge 
is defined by Q = T^l + ^Y ■ The model also includes the introduction of the 
following vectorial fermions: 

Ul,Ur= (1,3,1,^) (7) 

Dl,Dr= {1,3,1,-'^) (8) 

Nl,Nr = (1,1,1,0) (9) 

El, Er^ (1,1,1,-2) (10) 



The above fermionic content and its assignment under the G group make 
the model anomaly free. At this point we consider convenient to explain briefly 
about the reasons for the introduction of the right-handed neutrinos and the 
vectorial fermions. After the definition of the gauge group G and the assignment 
of the ordinary fermions in the canonical form under the standard model group, 
in the most simply non trivial way under the horizontal symmetry, the intro- 
duction of the right-handed neutrinos becomes a necessity to cancel anomalies, 
while the introduction of the vectorial fermions has its origin in the procedure to 
give masses at tree level only to the heaviest family of known fermions. We con- 
sider that these vectorial fermions play a crucial role to implement our proposal 
hierarchical mass generation mechanism. 

3 Symmetry breaking 

The "Spontaneous Symmetry Breaking" (SSB) is proposed to be achieved in 
the form: 

G ^ GsM ^ SU{3)c (» C/(1)q (11) 

in order to the model had possibility to be consistent with the known low energy 
physics, where Ai and A2 are the scales of SSB. 

With the intention to implement the mass generation mechanism for the 
ordinary quarks and leptons and simultaneously to contribute to the SSB of 
SU{3)h at the first stage, we introduce the scalar field: 

$" = (3,1,1,0), (12) 

with "Vacuum Expectation Value" (VEV), 

<$">^- (0,0,1;") (13) 

where T means transpose. This scalar $" with the above VEV generates the 
breaking of SU{3)h to SU{2)h ■ Therefore, to complete the breaking of the 
horizontal symmetry and to produce the appropriate mixing among their neutral 
gauge bosons is necessary to introduce more scalar fields. The details to achieve 
this goal are not treated in this paper. However, we can mention here that 
the additional Higgs scalars should not be in the fundamental representation 
of SU{3)h in order they do not spoil the desired hierarchical fcrmion mass 
generation mechanism. 

To achieve the spontaneous breaking of the clcctroweak symmetry to U{1)q, 
we introduce the scalars: 

$ = (3,1,2,-1) (14) 

$' = (3,1,2,+!) (15) 

with the VEV's 



<$>^=(<$i>,<$2>,<$3>) ; <$. >=-^('q) (16) 



< $'>^^ (<$;>,< $'2 >,< cO^ >) ; <$^>^^(^^^^ (17) 

where i = 1,2, 3. The contributions of < $ > and < $' > to the mass of the W 
charged gauge boson are: 
contribution of < $ > : 

^9{v! + vl+vl)i (18) 

9{V,' + Vi + Vi)i (19) 



contribution of < <&' > 



2- 

where g is the SU{2)l couphng constant. If now we take into account that the 
horizontal symmetry has aheady been completely broken at the first stage and 
if Ai >> A2, then there are not arguments of symmetry to align the VEV's of 
$ and $' under SU{3)h , that is, we can assume for simplicity that 

V 

vi = V2 ^ V3 = Vi ^ V2 ^ V3 = -= (20) 

V6 

where v ~ 246 GeV and then Mw = ^gv. Note that <I> and <&' transform 
as triplets under SU{3)h- This fact has as consequences that they contribute 
slightly to the SU{3)h gauge boson masses and produce mixing between these 
bosons with the neutral boson Z of the standard model. The consequences of 
this phenomenon will not be discussed in this report. 



4 Fermion masses 

Now we describe briefly how to obtain the mass terms of the ordinary fermions. 
The analysis is presented for the up-quark sector, with a completely analogous 
procedure for the other sectors. 

With the fields of particles introduced in the model, we may write the fo- 
llowing gauge invariant Yukawa couplings: 

hu^q-^Un + /i"*„$"C/l + MUlUr + h.c (21) 

where hu and h" are Yukawa coupling constants. 

When $ and $" acquire VEV's we obtain the mass terms 



where: 



(22) 
n^^iul,cl,tl,UL) (23) 



,oT 



*« =(«?f,4,4,t/«) 



(24) 



and 



M° = 



(25) 



/ hv\ 

Q {) Q hv 

Q {) Q hv 

\ h"v" M ) 

with h = ^i=/i„. When this mass matrix M° is diagonalized by a biunitary 
transformation we find to this order two associated zero eigenvalues to the 
masses of the light up quarks, while the two eigenvalues different from zero 
are associated with the masses of the top quark and the vectorial fermion U. 
Explicitly, if we define 



*L = ^L*L 



(26) 



where 



with 



'r^ '^r'^R 



A± == i (^B ±V-B2 - 4£) 



D = ia-'h 



2,2 



2 , 1,2 , 2 



B^3a^ + b-' + c 



(27) 
(28) 

(29) 
(30) 



hv , b= h"v" , c=M 



(31) 



the orthogonal matrices V^ and V^ become 



where 



/ ^ ;^ ;^^°^" ;^^^"" \ 



yL = 



V2 V& V3"""" V^' 

-^ ^^o«" ^si"^" 



V 







— sm a cos a 



(32) 



cos a 



sma = 



(A+ - 3a2) 



^3a2c2 + (A+ - 3a2)2 

\/3ac 
v/3a2c2 + (A+ - 3a2)2 



(33) 
(34) 



and 



VR^ 



/ 1 \ 

10 

cos/3 sin/3 

\ -sin/3 cos/3 / 



with 



cos/3 
sin/3 - 



(A4 



V^>2c2 + (A+ ~62)2 



From these matrices V£ and V^ we obtain 



^L^A^n^fl 



/ 






V 

and the top-quark mass is given approximately by 



\ 



A+/ 



nit 



.Vshh"^ 

Mu 



Mu being the mass of the vectorial quark U. 



(35) 



(36) 
(37) 



(38) 



(39) 



Subsequently the masses of the light up quarks arise through one and two 
loop diagrams. After the breakdown of the electroweak symmetry, we can con- 
struct the generic one loop mass diagram of Figure 1. The vertices in this 
diagram come from the gauge interaction Lagrangian 



IJ^i'. 



■-y= \u"kLl>.u]jYi:^ 



u\m^,t°nY, 



it 



L^ R + h. 



(40) 



V2 

gn {y) being the SU{3)h coupling constant ( gauge bosons ), i,j,k — 1,2,3 
denote family indices, the crosses in the internal fermion line mean the mixing, 
and the mass M, generated by the couplings of eq. (21) after $ and <&" take 
VEV's and the black circle in the boson line means the tree level mixing mass 
term 



Mf,Y+Ytj 
generated in the symmetry breaking process. 



(41) 



5 Discussion 

At present we are performing a more complete study of the model introduced 
in this report, including some phenomenology and confrontation with the ex- 
perimental data. For the last, an important aspect to study is the calculation 
of some processes of "Flavor Changing Neutral Currents" (FCNC) that can 
be induced in the model as a consequence of the particles introduced, for in- 
stance the gauge bosons of the SU{3)h horizontal symmetry. Some examples of 
these FCNC processes are the radiative "lepton flavor violation" (LFV) decays: 
H —f ej , T —f fij and t —^ ej , which are induced by the radiative mass genera- 
tion mechanism when we attach a photon to the internal charged leptonic lines 
in the one loop mass diagrams, and /i -^ eee, r -^ l^-fJ'fJ', t -^ fJ-l^-e , t -^ /^ee 
and T -^ eee, coming from tree level diagrams like the one in Figure 2. The 
calculation involved, including the muon anomalous magnetic moment induced 
as well by the radiative muon mass generation mechanism [ 7 ], is in progress 
and will be reported elsewhere. 

Let us remark here the interesting feature of the model concerning the in- 
troduction of the sector of right-handed neutrinos as a requirement to cancel 
anomalies. This fact allow us to generate radiatively Dirac type neutrino masses 
and then to study the current and recent interesting phenomena concerning neu- 
trino physics, such as neutrino oscillations, neutrino masses, mixing and so on 
[8]. 

Finally, notice that eq. (39) can be used to write the mass of the vectorial- 
quark U as 

Mu c^V3hh"—v" (42) 

mt 

If in this last equation we consider the values toj ~ 175 GeV and v ~ 246 GeV, 
then by assuming -\/3/i/i" ~ ^ ~ .711 we could expect Mu to be of the same 
order of v" , that is, of the order of the scale of SSB of SU{3)h that could work 
in the TeV region. This order of magnitude may also be expected for the other 
vectorial fermion masses if one supposes that the corresponding products of 
Yukawa coupling constants behave likeVShdh'^ — ^^^ and^/Sheh'^ ~ ^^^. How- 
ever, the actual values of the Yukawa coupling constants, the VEV v" and the 
masses of the vectorial fermions involved should be determined by demanding 
consistence between the fermion masses and mixing angles with the adequate 
suppression of FCNC ( if this suppression is realized). 
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Figure 1: One loop diagram contribution to the mass term rriijUijiUjL 
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Figure 2: Tree level diagram contribution to the LFV process fi — > eee 
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